In this pictorial essay, the normal process of pneumatization for each paranasal sinus group will be described from the first stages of the process to its completion. CT scans and MR images will illustrate the range of normal radiologic findings associated with the developmental process, with emphasis placed on the types of findings that, although normal, create potential interpretive difficulties.
Pneumatization of the Maxillary Sinus
The maxillary sinus is the first paranasal sinus to form. At birth, the rudimentary aerated sinus is 6-8 cm3 in volume, with its maximal dimension in the anteropostenion direction ( Figs. 1 and 2A) . Although initially medial to the orbit, the batenal margin of the sinus projects under the medial orbital wall by the end of the first year (Fig. 2B) . The sinus extends laterably past the infnaonbital canal by age 4 years to reach the maxillary bone by age 9 years. Inferior growth usually also reaches the plane ofthe hand palate by age 9 years, although the timing of these various stages of development is highly variable (Fig. 2C ). Subsequent growth comes from pneumatization of the maxillary alveolus after the permanent teeth erupt. This final phase of pneumatization moves the floor of the maxillary sinus 4-5 mm below the level of the floor of the nasal cavity (Fig. 2D) . Asymmetry in the size and shape of the sinus is common.
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Hypoplasia is unilateral in 7% and bilatenal in 2% of adults. Partial or complete opacification of the maxillary sinus in the first few years of life is normal [1] .
Pneumatization of the Ethmoidal Sinus
Ethmoidal air cells are present at birth and continue to grow until late puberty on until the sinus walls reach compact bone (Fig. 3 ). In the initial postnatal period, the ethmoidal labyrinth is more developed anteriorly.
The anterior cells are already aenated, whereas the middle cells are frequently opacified and pnesumably fluid filled (Fig. 4A ). During the first few years of life, opacification of ethmoidal air cells is commonly seen in children [1] . Pneumatization progresses in a posterior direction, enlanging the posterior air cells until the lateral and medial walls of the ethmoidal sinuses are parallel in the anterior to posterior direction (Fig. 4B ). The late phases of ethmoidal pneumatization may create convex medial and lateral walls, with the posterior cells both banger and fewer than the anterior cells (Fig. 4C) .
When the final phase of pneumatization includes medial and inferior air cell extension, the extramural air cells, At birth the sphenoid bone contains erythnopoetic (red) marrow and is devoid of air (Fig. 4A) . Conversion from red to yellow (fatty) marrow is thought to occur first in the presphenoid plate from the ages of 7 months to 2 years [4] (Fig. 7A) (Fig. 7B) . The sinus attains its mature size by the age of 14 years (Fig. 8) .
The degree of pneumatization of the sphenoidal sinus varies considerably.
Aplasia of a sphenoidal sinus is extremely rare. Therefore, a lack of pneumatization of the sphenoidal sinus in patients more than 10 years old should suggest underlying disease. The pterygoid processes are pneumatized in 25-40% of adults. Aeration of the anterior clinoid process (13%) and medial pterygoid process (44%) is more common than the dorsum sella and posterior clinoid process.
Continued growth occurs throughout childhood; the sinuses achieve their final size after puberty (Fig. 1) . Development of the frontal sinus is quite variable.
Aplasia is present unilatenably in 15% and bilaterally in 5% of adults.
Pneumatization of the Frontal Sinus
The frontal sinus is the last pananasab sinus to develop. It originates as antenosupenior outpouchings from the frontal recess of the nose. The frontal sinus is merely a slowly developing extension of the anterior ethmoidal sinus. At birth, it is undeveloped and nonaenated and contains red marrow.
As in the sphenoidal sinus, pneumatization of the frontal sinus follows a marrow transition phase from red to yellow marrow in the first few years of life. After marrow transformation has occurred, pneumatization progresses into the frontal bone (Fig. 7B) . The earliest pneumatization occurs at on shortly after age 2 years. By age 4 years, the cranial extent of the frontal sinus reaches half the height of the orbit, extending just above the top of the most anterior ethmoidal air cells. The top of the frontal sinus is at the bevel of the orbital roof by age 8 years, and the sinuses extend into the vertical portion of the frontal bone by age 1 0 years.
